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The Multi-Hospital Eastern Atlantic Restenosis Trial group ob-
tained follow-up ongiography in 510 patients with 598 successfully
dilated coronary lesions who were enrolled in a controlled trial of
the effects of a single dose of 1 g of methylprednisalone on
restenosis after coronary angioplasty . The overall restenosis rate
was 39.6% . The strongest univariate relations to the restenosis
rate were found for lesion location (saphenous vein graft, 689s :
left anterior descending artery, 45% : left circumflex artery and
right coronary artery, 32% ; p = 0.002) ; lesion length
(---4
.6 in,
33%
; >4
.6 mm. 45%
; p
= 0 .00!1; percent stenosis before
angioplasty (s73%, 25% ; >73%, 43% ; p = 0.005), percent
stenosis after angioplasty (mil %, 33% ; >21%, 46%; p = 0.017)
and arterial diameter (<2 .9 mm, 44% ; a 2 .9 mm, 34% ; p =
0 .036).
Two multivariate models to predict restenosis probability were
developed with use of stepwise logistic regression . The preproce-
dural model, which included only variables whose values were
Restenosis continues to be the major obstacle to the long-
term success of percutaneous transluminal coronary angio-
plasty . Currently the ability to predict the likelihood of
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known before angioplasty, entered lesion length, vein graft ma-
lion. left anterior descending artery location, percent stenosis
before angioplasty . eccentric lesion and arterial diameter . The
postprocedural model, which also included variables whose values
were known after angioplasty was performed, was similar to the
preangioplaste model except that it also catered postangioptaay
percent stenosis and "optimal" balloon siring but did not enter
eccentric lesion
.
These dot. indicate that the probability of restenosis after
angioplasty is determined predominantly by the characteristics of
the lesion being dilated. They are consistent with the known
intimal proliferatise mechanism of restenosis, offer a means of
identifying lesions at unusually high or low risk of restenosis, and
of predicting the likelihood that a particular lesion will restenase
after angioplasty and provide a rationale for stratification by
restenosis probability in the design of future studies of restenosis
.
(J Am Call Cordial 1991;18:647-56)
restenosis for a particular patient or lesion, or both, is poor
.
Reported restenosis rates range between 25% and 40% for
groups of lesions (1-7) .
A statistical model that accurately predicted probability
of restenosis on the basis of lesion and patient characteristics
would he of value in several ways
: 11 It would have impor-
lant implications for the selection of patients and lesions for
angioplasty, because lesions at high risk for restenosis are
probably not appropriate for angioplasty . 2) If it were used to
predict the probability of restenosis of a lesion treated with
conventional angioplasty . the information cmtbd be used to
assess the efficacy of new devices for angioplasty and new
treatments intended to reduce restenosis
. avoiding the ex-
pense and logistic complexity of a randomized trial . 3) The
analysis of the contribution of particular variables in the
model to the probability of restenosis might provide insight
into the mechanism or mechanisms of restenosis
.
Ou11-11m7,91'11-
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Table I . Study Definitions
Qootitying lesion z60% diameter stenosis before angioplasty
(worst view)
Successful dilation <50% diameter stenosis aver angioplauy
(worst
view)
Restennsiu
050% diameter stennsis at restudy (wont
view)
Qualifying restudy Any angiographic restudy showing restenosis
or a restudy not showing restenosis obtained
at least 4 months after angioplasty
Popping pressure Inflation pressure at which the angioplasty
balloon bnuomes full y infl at e d
Balloon diametedartery
Ratio of the measured diameter of the inflated
diameter ratio balloon filmed at maximal inflation pressure
to the measured diameter of the nonstenwed
coronary segment adjacent
1.
she stenosis
The Multi-Hospital Eastern Atlantic Restenosis Trial
(M-HEART) was organized to study coronary restenosis .
This report describes a multivariate model to predict reste-
nosis probability for a particular lesion . It is based on data
from our first trial and incorporates lesion and procedure
conduct variables .
Methods
Study patients. The data used for this study were ob-
tained from a placebo-controlled trial of the effect of meth-
ylprednisolone pretreatment on coronary restenosis . A de-
tailed description of the study protocol and a listing of the
eight participating centers and contributing investigators are
provided in Reference 8 . A total of 722 patients with 886
successfully dilated coronary lesions were enrolled . They
were randomized to receive either 1 g of methylprednisoloale
or placebo before angioplasty and had successful dilation of
at least one qualifying lesion . Subsequently 29 patients with
33 lesions were excluded because of early postangioplasty
events (myocardial infarction or bypass surgery within 2
weeks of angioplasty) not related to restenosis . This left 694
patients with 853 lesions available for analysis of restenosis .
The results of the comparison of methylprednisolone and
placebo have been reported elsewhere (9) . Because there
was no overall effect of the treatment on restenosis, the
placebo- and methylprednisolone-treated patents were com-
bined for the present analysis . The definitions and criteria
used in the study are listed in Table I .
Eligibility. The trial's protocol was approved by the
Institutional Review Board at each of the participating
institutions. Eligibility criteria required informed consent to
participate, successful dilation of at least one qualifying
lesion and a qualifying angiographic restudy . Any angiogram
that showed restenosis was considered "qualifying," but
because restenosis is nearly always evident within 4 months
after angioplasty (p, an angiogram not showing restenosis
must have been obtained at least 4 months postangioplasty
to be considered "qualifying
."
Table 2. Lesion and Procedure-Related Data Recorded
Lesion-Related Data
Location
Eccentricity lyeslnol
Calcification (yes/no)
Thrombus before angioplasty
(yeslno)
Coronary aneurysm before
angioplasty (yesine)
Native artery diameter (mm)
Lesion diameter (mm)
Lesion length (mm)
Percent stenosis 1%I
Traneteeien pressure gradient
(mm Hg)
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Procedure-Related Darn
Total number of inflations Ino.1
Maximal inflation duration (s)
Maximal inflation pressure ,arm)
Popping pressure (etm)
Balloon diameter/artery diamerer ratio
Thrombus visible after angioplasty
Aegiagraphicatly visible dissection
after angioplasty (yes/no)
Total time balloon was in coronary
artery (a)
Lesion diameter Imm)
Percent stenosis t%I
Data recorded. The lesion and procedural data that were
prospectively recorded are listed in Table 2 . Categoric lesion
qualities such as eccentricity, calcification and thrombus
present were assigned by the individual operators, as were
continuous qualities such as translesion pressure gradient
and popping pressure (inflation pressure at which the angio-
plasty balloon become fully inflated) .
Angiographic vessel and lesion measurements such as
vessel diameter, lesion diameter and length were measured
by the operator with calipers from the projected single-
graphic film image using the image of the guiding catheter for
magnification scaling. Percent diameter stenosis was calcu-
lated from the ratio of the diameter of the narrowest portion
of the lesion to the diameter of the apparently nonstenosed
adjacent arterial segment . The angiographic view in which
the stenosis severity was greatest was used . A random
sample of 100 angiograms was also processed by the study
group's Quantitative Coronary Angiographic Control Center
(10) .
Good agreement (r = 0 .846, y = 0 .924 - 0.25) was
found between the caliper measurements and the quantita-
tive coronary angiographic measurements .
Stalislical analysis. The unit of analysis reported here is
the stenotic lesion, not the patient. The primary outcome
variable was restenosis (defined as >_50% stenosis diameter
at restudy), which was treated as a categoric variable.
Two by two chi-square analysis with continuity correc-
tion was used to examine the relation of categoric variables
to the restenosis rate . Two types of analysis were used for
continuous variables . Logistic regression was used to test
the significance of relations between the values of the
continuous variables and the restenosis rate. to addition, the
lesions were grouped into quartiles according to the value of
each continuous variable . Differences in restenosis rates in
the quartile-defined subgroups were examined by using 4 x
2 chi-square analysis,
A multivariate model relating restenosis probability to
significant lesion- and procedure-related variables was de-
veloped with stepwise logistic regression analysis pes .ormed
with use of the SAS Logist procedure (11) . A forward entry,
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Table 3 . Univariate Analysis : Catcgorlcal Variables
backward elimination process was employed with an alpha
to enter of p < 0 .10 and an alpha to remove of p > 0.10 . The
dependent variable was the probability of restenosis .
The variables used in developing the model included all
variables found by univariate testing to have a
significant
relation to the restenosis rate, certain variables whose rela-
tion approached statistical significance and certain other
variables reported to be significant by other investigators .
Univariate analysis of patient-related variables had found no
significant relations (12) . Accordingly . only lesion- and pro-
cedure-related variables were entered into the model.
Two models were developed that used different bur over-
lapping variable
lists . A preprocedural model assessed the
likelihood of restenosis for a particular lesion by using
variables known before angioplasty . A postprrrredrrrd
model used all of the variables entered into the preproce-
dural model and, in addition . included procedure conduct
and outcome variables . It assessed the likelihood of reste-
nosis after the angioplasty procedure was completed . By
comparing the two models, the impact of procedure conduct
and outcome on restenosis may be assessed .
Each model derived a coefficient (beta( for each variable .
To determine a particular lesion's model-predicted probabil-
ity of restenosis . the parameter "y" is calculated as the
algebraic sum of the intercept (a constant derived by the
model) and the products of the values of the lesions varia-
bles and their respective beta coefficients . The model-
predicted restenosis probability (p) is :
HIRSHFELD FT At. .
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Results
Study patients. The 510 patients (73 .5% of the eligible
population) with 598 successfully dilated lesions (70 .1% of
eligible lesions) underwent a qualifying angiographic restudy
and form the study group of this report . The overall reste-
nosis rate was 39 .6% (237 of 598).
Univariate
Analysis
(Tables 3, 4 and 5)
Preprocedure variables (Fig. 1). Of the preprocedure var-
iables, the strongest relation existed between the restenosis
rate and lesion location (p = 0
.002). The restenosis rate was
greatest in saphenous vein bypass grafts .;68 .2%)
.
Among
native coronary artery segment., restenosis was most fre-
quent in the left anterior descending artery (45 .4%) and least
frequent in the left circumflex (30 .8%) and right (32 .2%)
coronary arteries . Higher restenosis rates were found at all
locations within the left anterior descending system (proxi-
mal = 68 (41 .2%) of 165 . mid 51 (50.5%) of 101, distal
segment and diagonal branches = 13 (52%, chi square =
2.66. p = 0.26) of 25 . The differences in restenosis rates for
the different locations were not explained by variations in
restudy rates (left anterior descending coronary artery 291
(66 .1%) of 440 : left circumflex coronary artery 133 (66 .5%) of
Variable
Lesson Pnvn r
nrlhr Vanahle :
Reatano1prTolal
1°A
Le,mns Negevee
for the Variable :
RnIrnosis/rmal
1`0, Chi Square
Preproccdure vanahles
Eccentric slenons 131313 97,20 22650)132)
'4121 06.11
Calcified s .enmis 11'68
2(1 1529 1.819 (0.177)
147 .23
138
.61
Thrombus before angioplasty 21751
2161546 0 .051 (082 22 1
141 .21 139.61
Stenosis location
Lea anlenor, descending artery 132,29
101,307 7.316 (0 .007)
145 01 ,
1342)
Left circumflex artery 41 .133
30 .8)
19&465
142.11
5
Right coronary artery 49:152 1811'446 1253 (0.039)
142 .171
Gran 11 , 22 2 7 576 6592(0010)
165 .21 138 .51
U-20l chi square for stenosis 192?I 100021
location 13 degrees of freedom)
Procedure conduct and oalcam0 vdrlablet
Thmabusafterangioplasty
7,'52
151561 1 .71610 .190)
116.91 098)
Angiogtaphically visible dissection 91,239 1331344 0.070 (0.7921
139,81 139.7)
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table 4, Calculate hi-Square ,Analysis: Continuous Variables Grouped by Quartiles
Resin = rcenmusts .
200, right coronary artery 152 170 .3%1 of 216 : graft 22
184
.0%1 of 28 : chi square = 4.73, p = 0 .191•
A signifrrrrru reloriml ,sees forutd benreen restenosis and
lesion length (p = 0.001 by logistic regression analysis). The
restenosis rates for the two quartiles of shorter lesions
(length <4
.6 mm) were similar, whereas the restenosis rates
increased in the two quartiles of longer length lesions .
Per Test stenosis before angioplasty also correlated with the
restelly--, rate (p = 0 .005 by
logistic regression) . The
restenosis rate was lowest (29.69h) in the quartile wills the
Table 5
. Univariate Logistic Regression Analysis :
Continuous Variables
IACC ,ol . 18. N0
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Peearocedure variables
Lesion length Imm) 0.001
Percent s'enosis before angioplasly
0 .005
Arterial diameter Imml
0 .036
Lesion diameter before angioplasly Imml 0 .109
Procedure outcome variables
Lesion diameter after angioplasty Imml 0903
Percent /ienosis after angioplasy 0 .017
Variable
Quartile I
Rouge
Resm7oral
ISit
Quarile 2
Range
Resmiolal
(71
Quurlile 3
Range
ReslmTrlal
17)
Quartile 4
Range
Res,tTmnl
1%) Chi S91:-
Prepneedure caiahles
Peacnl uterus/, hefurc angiuplastc 60 , 73 74 to 81 821090
91 to 100
30'119 69,167 641144 74/168 13 .3190.MM1
125 2) 141 .31 (44 .4) (44 .0)
Lesion length before angioplmly (mm) 00/1. 22 .9 3 .0104 .6 4 .7to7.0 7.1to28 .1
42'130 52158 601142
67/138
10 .84 (0
.013)
132 .31 132.91 (42 .2) (48 .5)
Arterial diumrmr before angioplasly hum) 050 to 2 49 2.5010 2,89 2 .901o 3.20 3.21 1o 6 .30
61'140 741168 491137 534,150 5 .612 (0 .132)
(43 .61 144.01 135 .81 (33 .3)
Lesion d zcer before angioplasly (mml u w 0.33
721161
0,34
691161
0.59
621154
0.89
32/118 10 .20(0 .017,
(44
.71
142.9) 64) .31 (27 .11
Procedure c onduct tmd outcome variables
Lesion diameter after angioplasly min, 0,68 to 1 .91 1.92 to 2 .27 2,2810 2.59 2.601o 6 .00
80'IV 571144 48/142 50/154 14,63 (0 .002t
(51 .61 139.61 133 .81 132 .51
Percent ,terms/, ., ter ingioplasi)
01o II
121.21 2t1 .30
31,50
48:139 52/159 711151 661148 4.66210-022!
434.51 132.71 147 .01 (44.61
Balloon diamuu a rs diameter ratio 0<0to0.92 093 to 1M0 1 .011 . 1 .18 1.19 ;o 1 .70
61 :145 621173 46'121 60/148
1 .498 (0.6031
14'_ 11 135,81 136.111 (40.5)
btaximal in0ulion duration nl :31058 60 61 1 . 02 103 to 528
40'97 40.'107 58928 631154 6.324 (0.0971
143 51 137 .41 145,31 140.91
Pressure gradient before angioplasly (mm Hgl
5 l0 41 42 to .11 S2to60 611o111
43/706
41,'I12
381115 451111 1 .871 10.6091
(4 11.61 136 .61 133.01 (40 .5)
Pressure gradient after angioplasty Imm Hgl UtoS 61, 10 11 t0 17 18 to 55
39913 421114 521115 441114 3.054 10.383)
134.51 136 .81 145.21 (38 .6)
lapping pressure (aim)
0to3 4 5t06 71018
461116 54
,
133 481138 41/90 272910.435)
!39 .7) 140 .6) 134.8) 145
.6)
Numhcr ci
infou sers I 2 3 4 10 25
6
,
:67 381122 841188 491116 6 .260 10.100)
1
.1 131 .11 144.7) 142 .2)
6fasimalinfusion pressure (
;it.) 4to8 9 10 11 , 20
92131
21/66 401221 31170 2,411 10.484)
'39 . 2_1 131 .81 1411.71
(443)
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least severe (60% to 73%) stenoses, whereas the rates for the
upper three quartiles were similar . The diameter of the
apparently nonstenosed artery proximal or distal to the
lesion was also related to the restenosis rate Ip = 0.036 by
logistic regression). Smaller vessels (diameter <2,90 until
had a higher restenosis rate than did larger vessels.
The relation between the minimal diameter of the lesion
and restenosis was weak when tested by logistic repression
(p = 0.109)
. However, quartile analysis demonstrated that
the restenosis rate was low (27 .l%) in the quartile with the
largest lesion diameters (0.89 to 2.30 mm), whereas the
restenosis rates of the three quartiles with the smallest lesion
diameters were significantly greater (p = 0 .017 by chi square
analysis) .
Procedure conduct and outcome variables (Fig . 2). Of the
procedure conduct and outcome variables
. a strong inverse
relation was found between postangioplasty levian diameter
and restenosis (p = 0 .003 by logistic regression) . The reste-
nosis rate was lowest in the largest two quartiles of postan-
gioplasty lesion diameter (postangioplasty lesion diameter
>2 .28 mm) . It increased progressively in the two quartiles
with the smallest postangioplasty lesion diameters . The
restenosis rate was also directly related to postangioplasty
percent stenosis Ip = 0.017 by logistic regression) . Resteno-
sis rates were lowest in the two quartiles with less severe
( :s2l%) postangioplasty percent stenuses and greatest in the
Iwo quartiles with inure severe soenoses .
.4 complex relation was found bvioceo balloon diamrterl
HIRSHP61
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Figure L Relation of selected preangioplasty variables to the cow-
nary restenosis rate. In each panel The height of each bar represents
the restenosis rate for its group of lesions and the chi-square p value
is shown in the box . A, Effect of lesion location with the lesions
segregated by location in the coronary system. LAD = left anterior
descending coronary artery ; LCX = left circumflex coronary artery :
RCA = right coronary artery . B, Effect of lesion length (mm) on
restenosis with the lesions segregated by quartiles of length . C,
Effect of percent stenosis before angioplasty (PICA) with the
lesions segregated by quartile of percent stenosis . D, Effect of the
diameter of the irtelial segment (mm) immediately adjacent to the
dilated lesion with the lesions segregated by arterial diameter,
arte:v diameter ratio and restenosis. The restenosis rate was
less (36.7%) for dilated lesions with a balloon/artery diame-
ter ratio between 0.93 and 1 .18 (the middle two quartiles)
than for lesions dilated with a smaller or larger balloon/artery
diameter ratio (41
.3%). although the level of significance was
borderline (p = 0 .125 by chi square).
Mttirirariate Analysis (Table 6)
The two models are based on 567 of the 598 lesions in the
data base . Thirly-one lesions did not qualify for the -~ulti-
variate analysis because a value for one or more of the
variables could not be determined . Most of these lesions
were excluded because o
° immeasurable lesion length in
100% occluded lesions .
652
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Figure 2
. Relation of selected postangioplasty variables to the
coronary restenosis role. A, Effect of percent stenosis after angio-
plasty (PICA) with the lesions segregated by quartile of percent
stenosis . B, Effect of balloon/artery diameter ratio with the lesions
segregated by quartile of the ratio .
Preprocedural model . The final variable estimates of the
r: :edural model were (in order of entry into the model)
lesion length, bypass graft location, left anterior descending
artery location, percent stenosis before angioplasty, eccen-
tric lesion and native artery diameter. The area under the
model's receiver operating characteristic curve is 0 .65.
Postprocedural model . In this model, balloon diameter/
artery diameter ratio was entered as a categoric variable .
Lesions in the middle two quartiles (with a ratio between
0 .93 and 1
.18) were entered as "optimal," and lesions with a
ratio <0.93 or >1 .18 were entered as "not optimal ." This
model's final variable estimates were (in order of entry)
Table 6. Outcome of Stepwise Logistic Regression
C = area under model's receiver operating characlenstic curve ; LAD =
left anterior descending coronary artery .
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lesion length, bypass graft location, left anterior descending
artery location, percent stenosis after angioplasty, native
artery diameter, percent stenosis before angioplasty and
"optimal" balloon sizing . The area under this model's
receiver operating characteristic curve is slightly greater
(0 .672) than that of the preprocedural model, indicating
slightly greater explanatory power.
Application of the Postprocedural
Multivariate Model
Fit of the model to the data (Fig . 3). The proximity of the
relation to the line of identity in Figure 3 indicates that the
model fits the data well . In addition, to test the validity of the
models further, the same process was conducted with use of
only the patients treated with placebo and only the patients
treated with methylpredttisolone . The randomization pro-
cess was successful because these two subgroups were
nearly identical in preprocedural and outcome characteris-
tics, as well as restenosis rates (8,9) . The models developed
from these two subgroups were virtually identical.
Identification of lesions of low and high risk for restenosis .
Using a model-predicted probability of restenosis of 0.25 as
the upper limit for a low risk cutoff, the model identified 97
Figure 3. Relation between the model-predicted restenosis proba-
bility (abscissa) and the actual restenosis rate (ordinate) . The lesions
are grouped into ranges of restenosis probability as calculated by the
model . See text for details.
3 ACC V .I. 18, No. 3
September 19'11fi47-56
Variable Beta SE Chi square
Preprocedutal model IC = 0.6501
lotercept -2 .181 0 .848 6.61
Lesion length (mm) 0.073 0 .023 9.81
Graft location (yes/no) 1 .680 0 .492 IL65
LAD location lyesmol 0.616 0 .186 10.90
Percent suirosis before angioplasty (9117
0,018 0.009 4.41
Eccentric lesion /yes/not
0.316 0,181 3 .03
Native artery diameter (mm)
-0
.254 0.148 2 .96
Poslprocedural model (C = 0.6921
Intercept -2 .041
Lunar length (mm) 0 .077 0,024 10 .23
Graft location (yesrm)
1.602 0,494 10 .54
LAD location (yeslno)
0.596 0.191 9.71
Percent stenosis after angioplasty
1%)
0,020 0.007 7,73
Native artery diameter (mml -0.385 0
.153 5.38
Percenttenusis before angioplasty (9
; 1
0,7)!
0.009 5.49
"Optimal" balloon sizing lyes/tm)
-0
.398
0,189 4.43
IACC vol
. 18, Nu
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lesions (17 .1% of the total) as low risk . These 97 lesions had
an actual restenosis rate of 19
.6%, which was well below the
data base mean of 39
.6% . Using 0.56 as the lower limit for a
high risk cutoff, the model identified 85 lesions (1593 of the
total) as high risk . These 85 lesions had an actual restenosis
rate of 61
.2%, which was more than three times the reste-
nosis rate of the low risk lesions. The remaining 339 lesions
(67 .9% of the total) with restenosis probabilities in the 0.26
to 0.55 range had an intermediate restenosis rate of 35.7% .
Thus, the model successfully identified one third of the
lesions as being at unusually low or high risk for restenosis
.
Delineation of the contribution of individual variables to
restenosis probability. One useful application of such a
model is to examine the quantitative relation between the
individual variables in the model and restenosis. This is done
by calculating the multivariate-adjusted restenosis probabil-
ity for each lesion and examining the relation between the
value of variables of interest and restenosis probability. This
analysis, which adjusts for the influence of the other varia-
bles, is presented in Figures 4 and 5 . It demonstrates the
strong influence of stenosis location on restenosis probabil-
ity . After adjustment for other variables, the restenosis
probability is still highest in bypass grafts (0 .68) and among
native coronary artery segments it is still greatest in the left
anterior descending coronary artery (0.44) . In contrast, the
analysis shows that the influence of "optimal" balloon
sizing, although definite, is only modest . The analysis also
shows that each of the model's continuou .; variables has
approximately the same potential to influence restenosis
probability . For each variable the restenosis probability
ranges between approximately 0 .25 and 0 .45 over the ex-
tremes of the variable's range .
Discussion
The multivatate statistical model to study restenosis . The
complexity of the problem of restenosis after coronary
ang,opiasly is emphasized by the differences in findings
among published studies. An important difference between
the design of this study and that of most others is its
HIRSHFELD ET IL.
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Figure 4. Influence of categoric variables in the postprocedural
model on resterosis probability . The height of the bars represents
the model-predicted probability of restenosis for each group of
less ,. The error bars represent ± I SD .
A
.
Effect of lesion
location . B, Effect of "optimal" balloon siting. Abbreviations as in
Figure l .
multicenter structure. which should reduce referral and
technique bias and increase the generalizability of its find-
ings. Our high postangioplasty restudy rate of 73 .5 3 further
enhances the validity of our study's conclusions .
Although our models were developed from a large data
base, they need to be validated by testing against other
populations . We are currently engaged in another large trial
that will provide new data for this purpose . The likelihood of
validity of these models is increased by the internal congru-
ence between the methylprednisolone group and the placebo
group.
This analysis, like most studies of restenosis . treats
restenosis as a categoric rather than a continuous variable.
However, analyzing restenosis as a discrete variable in-
volves certain oversimplifications 113) . It is possible that
more sophisticated quantitative coronary arteriographic
analysis of our data would yield potentially unifying in=-ighrs
into the identified relations. Serruys et at. 1141 and Nohu-
yoshi et al . (151 . using timed quantitative coronary arterio-
graphic studies, have shown that a variable but progressive
reduction in lesion luminal diameter occurs over the 1st 4
months after angioplasty . In such an analysis, different
lesions may satisfy different criteria for restenosis at dif-
ferent times . Despite these oversimplifications in methodol-
ogy . however, the relations identified in our data are strong
and consistent with the current understanding of the mech-
anism of restenosis .
Comparison with other studies. Previously reported sluc-
ies have identified relations between restenosis and several
lesion characteristics. These include lesion location (4,16-
19, various measures of preangioplasty slenosis seventy
11 .3,4 .16, 2 0,211 and lesion length (3,16) . Myler et al . (20)
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Figure 5 . Influence of continuous variables in the model on reste-
nosi:, probability
. The points represent the mean restenosis proba-
bility and the mean value of the independent variable for quartile
groups of lesions ordered according to the independent variable .
The error bars represent ± I SD . The slopes of the relation indicate
the strength of the influence of the value of the variable on
probability of restenosis. The distribution of points along the ab-
scissa indicates the distribution of the values over the range of the
variable
. A, Effect of lesion length . B, Effect of diameter of the
arterial segment immediately adjacent to the lesions . C, Effect of
percent stenosis before angioplasty IPTCAI. D, Effect of percent
stenosis after angioplasty .
reported an increased restenosis rate in lesions with more
- complex geometry," a major characteristic of which was
increased lesion length . Ellis et al . (22) reported that reste-
nosis was more common in lesions located in bends, lesions
in the proximal left anterior descending artery, lesions with
eccentric narrowing and in longer lesions .
Our models agree with many earlier reports that empha-
size the influence of lesion location and preangioplasty lesion
severity on restenosis rate
. In addition, the models identify
lesion length and arterial diameter as important preangio •
plasty predictors of restenosis
. These latter variables have
received comparatively little attention in previous reports .
Reports (3,4,19.23-26) suggesting an important contrihu-
o t0 20 1 . ~o
PERCENT STENCSIS POST-PTCA (xt
lion of procedure conduct and outcome variables to the
restenosis rate have been rare and have shown little effect .
Our data are consistent with these findings. The explanatory
power of the postprocedural model, which ircorporates in
addition only two procedure conduct and outcome variables,
is only slightly greater than that of the preprocedural model .
Indeed, it is possible that postangioplasty percent stenosis,
considered here as a procedure outcome variable, is actually
a preprocedure variable . It might be a characteristic of a
lesion's response to dilation and thus a variable that the
operator has limited ability to influence . Our finding of a
possible modest favorable influence of optimal balloon sizing
is a new observation. Another study (27) has found that
deliberately oversizing balloons is hazardous and does not
reduce the restenosis rate.
Influence of the individual variables on restenosis proba .
bility . The influence of lesion location on restenosis proba-
bility is consistent with previous reports but only partially
explained
. The high restenosis rate for saphenous vein
bypass grafts has been recognized previously 128) and is
plausible considering the different pathologic process re-
sponsible for vein graft stenosis (20) . The greater restenosis
rate for the left anterior descending artery, although not
explained
. has also been reported previously (4,16 .29) . Our
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data indicate that this difference is not attributable to dif-
fering restudy rates for various coronary locations and
cannot be explained by covariance of other variables that
influence restenosis probability .
Each of the four continuous variables in the model was
identified as an independent predictor of restenosis . Al-
though the slopes of the relations of the values of these
variables to restenosis probability are similar, the distribu-
tions of the values of these variables are different . Values for
percent stenosis before angioplasty and after angioplasty are
uniformly distributed across their allowable ranges . Conse-
quently, many lesions will he encountered that have values
near the extremes of the range and these variables may
influence restenosis probability considerably . In contrast,
arterial diameter clusters tightly about the mean : in 361
(60 .4%) of all lesions the diameter is between 2 .5 and
3 .5 mm. Only 31 (5.2%) of the dilated arteries had a diameter
<2 mm and only 27 (4.5%) had a diameter >4 mm . This
distribution reflects both the common range of diameters of
clinically important coronary arteries and the bias of the
operator when exercising clinical judgment to select lesions
for angioplasty
. Stenosis length is skewed toward shorter
lesions ; only 55 (9 .2%) of lesions are >10 mm in length . This
distribution probably also reflects operator bias in selecting
lesions for angioplasty .
Implications for selecting lesions for angioplasty . These
models illustrate important considerations in selecting a
coronary lesion as appropriate for angioplasty . In addition to
the feasibility and safety of performing the procedure . the
likelihood of restenosis is an important consideration . If a
particular lesion has a preprocedure restenosis probability of
a0 .6, angioplasty may not be the most appropriate means to
manage it . Consequently, lesions that are extremely long or
are located in small arteries are probably best managed by
other means. The current trend to reach more distally into
sub-branches of the coronary system may he inappropriate
because these lesions are likely to .have very high restenosis
rates . On the other hand, very long and very stenotic lesions
that are at high risk for restenosis after conventional angio-
plasty may be appropriate test beds for newer interventional
techniques such as intravascular stealing, laser angioplasty
and atherectomy .
Application of the models to the evaluation of new coronary
interventional devices. Although studies of pharmacologic
attempts to reduce restenosis have usually been controlled,
in most of the recent preliminary reports of the application of
new devices and techniques the studies were not controlled .
These studies (30-32) have found disappointingly high reste-
nosis rates. However, it is possible that the high rates
observed in these early trials are in part attributable to the
inclusion of many lesions with characteristics that confer a
high probability of restenosis . Consequently . unadjusted
comparison of these observed redenosis rates
w
h the
expected restenosis rate for a typical angioplasty population
might obscure a beneficial effect of these new devices . If the
validity of the models developed by our study is confirmed,
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they could be used to calculate an anticipated restenosis rate
for a population of lesions studied in an uncontrolled trial .
Such an analysis could provide preliminary insight into the
potential effectiveness of a treatment .
Relevance of the models to the mechanism of restenosis .
The strong relations between restenosis and stenosis sever-
ity
. lesion length and arterial diameter are consistent with
what is known about the mechanism of restenosis. Because
the restenosis process appears to be self-limited (33) and
consists of an abnormal inward proliferation of intimal tissue
(34-38), it is logical that it would occur more frequently io
)7sions that have more severe stenosis initially and those that
have a greater degree of residual stenosis after angioplasty .
In addition, the models also emphasize the role of vessel
size
. If the vessel, and therefore the luminal diameter after
angioplasty, is small . the fraction of that lumen occupied by
a given amount of subsequently developing initimal growth
will be grater. This concept is consistent with data from
arterial angioplasty in noncoronary vessels : rates of reste-
nosis have been demonstrated to be lower in large vessels
such as iliac arteries and higher in smaller vessels such as
popliteal and renal arteries (39-411 . Finally, it is plausible
that restenosis occurs more frequently in longer lesions be-
cause of the greater length of lesion available for restenosis .
Importance and usefulness of the models . A model that
predicts probability of restenosis is of little value if the
restenosis probability of all lesions clusters about the mean .
To be of value, the model must correctly identify a consid-
erable fraction of the lesions as being at either extremely low
or high risk of restenosis . (The perfect model would cor-
rectly classify each lesion as having either 0% or i00°r
probability of restenosis .) The models reported here identify
approximately one third of the lesions in the data base as
having a restenosis probability substantially different from
the overall average ; 17% of the lesions were classified as at
low risk of restenosis and had an actual group restenosis rate
of 19 .6%, whereas 15% of the lesions in the data base were
identified as at high risk and had an actual restenosis rate of
61 .2% . which is more than three times that of the low risk
group .
These models show that the concept of an overall mean
restenosis rate for a group of dilated lesions is an oversim-
plification that cannot be applied meaningfully to any partic-
ular lesion. Rather, restenosis probability varies consider-
ably from one lesion to another. Consequently . interrreling
a raw restenosis rate for any study group requires caution
because the rate can be heavily :nfluenced by the group's
distribution of lesion characteristics . Thus, studies evaluat-
ing anti-restenosis treatments must be rigorously controlled
because the restenosis rate will be influenced by the charac-
tenstics of the lesions in the study group . Our data suggest
that the success of randomization to control and experimen-
tal groups might be augmented by stratification for key
variables of lesion location and severity .
Conclusions . The models developed from this study indi-
cate that the probability of coronary restenosis is principally
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determined by
the characteristics of the lesion diluted . Thus,
it increases With increasing stenosB severity and length and
decreasing arterial diameter
. Restenosis is also more com-
mon in the left anterior descending than in the left circumflex
and right coronary arteries and is highest in saphenous vein
grafts
. These observations are consistent with the known
mechanism ei inlimal proliferation responsible her ie9teno-
sis
. They have important implications for the selection of
lesions for anyinplasty and for the design of studies of the
restenusig problem .
We "h:mk J .rphrne Rnhles la, cc pen s--n :e usismnce.
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